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Different Kinds of BiomarkersDifferent Kinds of Biomarkers

nn Surrogate endpointsSurrogate endpoints
nn Measured before, during and after treatment to Measured before, during and after treatment to monitermoniter

treatment effecttreatment effect

nn Predictive biomarkersPredictive biomarkers
nn Measured before treatment to identify who will benefit Measured before treatment to identify who will benefit 

from a particular treatmentfrom a particular treatment

nn Prognostic biomarkersPrognostic biomarkers
nn Measured before treatment to indicate longMeasured before treatment to indicate long--term outcome term outcome 

for patients untreated or receiving standard treatmentfor patients untreated or receiving standard treatment



Prognostic & Predictive BiomarkersPrognostic & Predictive Biomarkers

nn Many cancer treatments benefit only a minority of Many cancer treatments benefit only a minority of 
patients to whom they are administeredpatients to whom they are administered
nn Particularly true for molecularly targeted drugsParticularly true for molecularly targeted drugs

nn Being able to predict which patients are likely to Being able to predict which patients are likely to 
benefit would benefit would 
nn Save patients from unnecessary toxicity, and enhance their Save patients from unnecessary toxicity, and enhance their 

chance of receiving a drug that helps themchance of receiving a drug that helps them
nn Help control medical costs Help control medical costs 
nn Improve the success rate of clinical drug developmentImprove the success rate of clinical drug development



Validation = Fit for PurposeValidation = Fit for Purpose



Types of Validation for Prognostic Types of Validation for Prognostic 
and Predictive Biomarkersand Predictive Biomarkers

nn Analytical validationAnalytical validation
nn PrePre--analytical and postanalytical and post--analytical robustnessanalytical robustness

nn Clinical validationClinical validation
nn Does the biomarker predict what itDoes the biomarker predict what it’’s supposed to s supposed to 

predict for independent datapredict for independent data

nn Clinical utilityClinical utility
nn Does use of the biomarker result in patient benefitDoes use of the biomarker result in patient benefit



Prognostic and Predictive Biomarkers Prognostic and Predictive Biomarkers 
in Oncologyin Oncology

nn Single gene or protein measurementSingle gene or protein measurement
nn ER protein expressionER protein expression
nn HER2 amplificationHER2 amplification
nn KRAS mutationKRAS mutation

nn Scalar index or classifier that summarizes Scalar index or classifier that summarizes 
expression levels of multiple genesexpression levels of multiple genes



Prognostic Factors in OncologyPrognostic Factors in Oncology

nn Most prognostic factors are not used because Most prognostic factors are not used because 
they are not therapeutically relevantthey are not therapeutically relevant
nn Most prognostic factor studies do not have  a clear Most prognostic factor studies do not have  a clear 

medical objectivemedical objective
nn They use a convenience sample of patients for whom They use a convenience sample of patients for whom 

tissue is availabletissue is available

nn Most prognostic factor studies are not reliable Most prognostic factor studies are not reliable 
because they are exploratory and not because they are exploratory and not 
prospectively focused on a single factorprospectively focused on a single factor



PusztaiPusztai et al. The Oncologist 8:252et al. The Oncologist 8:252--8, 20038, 2003

nn 939 articles on 939 articles on ““prognostic markersprognostic markers”” or or ““prognostic prognostic 
factorsfactors”” in breast cancer in past 20 yearsin breast cancer in past 20 years

nn ASCO guidelines only recommend routine testing for ASCO guidelines only recommend routine testing for 
ER, PR and HERER, PR and HER--2 in breast cancer2 in breast cancer

nn ““With the exception of ER or progesterone receptor With the exception of ER or progesterone receptor 
expression and HERexpression and HER--2 gene amplification, there are 2 gene amplification, there are 
no clinically useful molecular predictors of response no clinically useful molecular predictors of response 
to any form of anticancer therapy.to any form of anticancer therapy.””



Prognostic Biomarkers Can be Prognostic Biomarkers Can be 
Therapeutically RelevantTherapeutically Relevant

nn <10% of node negative ER+ breast cancer <10% of node negative ER+ breast cancer 
patients require or benefit from the patients require or benefit from the cytotoxiccytotoxic
chemotherapy that they receivechemotherapy that they receive
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338 pts

149 pts

181 pts

0 2 4 6 8 10 12 14 16
Time (yrs)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

R
el

ap
se

-F
re

e 
S

u
rv

iv
al

 Low Risk (RS <18)
 Intermediate Risk (RS 18 - 30)
 High Risk (RS ≥  31)

p<0.0001

Paik et al, SABCS 2003



Key Features of Key Features of OncotypeDxOncotypeDx
DevelopmentDevelopment

nn Identification of important therapeutic decision contextIdentification of important therapeutic decision context
nn Prognostic marker development was based on patients with Prognostic marker development was based on patients with 

node negative ER positive breast cancer receiving node negative ER positive breast cancer receiving tamoxifentamoxifen as as 
only systemic treatmentonly systemic treatment

nn Staged development and validationStaged development and validation
nn Separation of data used for test development from data used for Separation of data used for test development from data used for test test 

validationvalidation
nn Development of robust assay with rigorous analytical Development of robust assay with rigorous analytical 

validationvalidation
nn 21 gene RTPCR assay for FFPE tissue21 gene RTPCR assay for FFPE tissue
nn Quality assurance by single reference laboratory operationQuality assurance by single reference laboratory operation



Clinical UtilityClinical Utility

nn Biomarker benefits patient by improving Biomarker benefits patient by improving 
treatment decisionstreatment decisions

nn Depends on context of use of the biomarkerDepends on context of use of the biomarker
nn Treatment options and practice guidelinesTreatment options and practice guidelines
nn Other prognostic factorsOther prognostic factors



Clinical Utility of Prognostic Clinical Utility of Prognostic 
BiomarkerBiomarker

nn Prognostic biomarker for identifying patientsPrognostic biomarker for identifying patients
nn for whom practice standards imply for whom practice standards imply cytotoxiccytotoxic

chemotherapy, butchemotherapy, but
nn who have good prognosis without chemotherapywho have good prognosis without chemotherapy

nn Prospective trial to identify such patients and Prospective trial to identify such patients and 
withhold chemotherapywithhold chemotherapy

nn TAILORxTAILORx

nn ““Prospective planProspective plan”” for analysis of archived specimens for analysis of archived specimens 
from previous clinical trial in which patients did not from previous clinical trial in which patients did not 
receive chemotherapyreceive chemotherapy
nn OncotypeDxOncotypeDx



Prospective Evaluation of Prognostic Prospective Evaluation of Prognostic 
BiomarkerBiomarker

nn Identify low stage patients for whom standard of care Identify low stage patients for whom standard of care 
is chemotherapyis chemotherapy

nn Find dataset of low stage patients who did not receive Find dataset of low stage patients who did not receive 
chemotherapy for whom archived tissue is availablechemotherapy for whom archived tissue is available

nn Develop prognostic biomarker classifier of risk Develop prognostic biomarker classifier of risk 
without chemotherapy of low stage patientswithout chemotherapy of low stage patients

nn Conduct RCT in which low stage patients who are Conduct RCT in which low stage patients who are 
low risk by biomarker classifier are randomized to +low risk by biomarker classifier are randomized to +--
chemotherapychemotherapy



nn In some cases, if biomarker predicted risk of In some cases, if biomarker predicted risk of 
recurrence is sufficiently low for randomized recurrence is sufficiently low for randomized 
patients, then randomization is omitted and patients, then randomization is omitted and 
the test of the biomarker is a test of whether the test of the biomarker is a test of whether 
the risk is as low as predictedthe risk is as low as predicted
nn Absolute benefit of very low risk patients is by Absolute benefit of very low risk patients is by 

necessity very smallnecessity very small
nn This is the approach of This is the approach of TAILORxTAILORx



How Does This Approach How Does This Approach 
Compare to the So Called Gold Compare to the So Called Gold 

Standard of Randomizing Patients Standard of Randomizing Patients 
to Receive or Not Receive the to Receive or Not Receive the 

Test?Test?



Randomize Patients to Test or 
No Test

Rx Determined by 
Test

Rx Determined
By SOC



The Gold Standard Design is The Gold Standard Design is 
Extremely Inefficient, and Not Extremely Inefficient, and Not 

Very InformativeVery Informative



Using phase II data, develop 
predictor of response to new drugApply Test to All Eligible Patients

Test Deterimined Rx Different
From SOC

Use Test
Determined Rx Use SOC

Test Determined Rx Same as
SOC

Off Study



nn MINDACT randomizes breast cancer patients MINDACT randomizes breast cancer patients 
whose whose MammaprintMammaprint based Rx differs from based Rx differs from 
SOCSOC
nn SOC=chemo, low risk SOC=chemo, low risk MammaprintMammaprint
nn SOC=no SOC=no chemorxchemorx, high risk , high risk MammaprintMammaprint

nn Trial is sized to estimate risk of relapse of low Trial is sized to estimate risk of relapse of low 
risk risk MammaprintMammaprint patients randomized to no patients randomized to no 
chemotherapychemotherapy



Predictive BiomarkersPredictive Biomarkers



Predictive BiomarkersPredictive Biomarkers

nn In the past often studied as unIn the past often studied as un--focused postfocused post--
hoc subset analyses of hoc subset analyses of RCTsRCTs..
nn Numerous subsets examinedNumerous subsets examined
nn Same data used to define subsets for analysis and Same data used to define subsets for analysis and 

for comparing treatments within subsetsfor comparing treatments within subsets
nn No control of type I errorNo control of type I error



nn Evaluating a predictive biomarker for treatment T involves an Evaluating a predictive biomarker for treatment T involves an 
RCT of T versus a control C. RCT of T versus a control C. 

nn Analysis of RCT determines whether the biomarker Analysis of RCT determines whether the biomarker 
distinguishes the patients who benefit from T distinguishes the patients who benefit from T vsvs C from those C from those 
who donwho don’’tt

nn In this RCT, the biomarker should be In this RCT, the biomarker should be 
nn completely specified in advance completely specified in advance 
nn focused on the single specific biomarkerfocused on the single specific biomarker
nn the trial sized with sufficient marker + and marker the trial sized with sufficient marker + and marker –– patients for patients for 

adequately powered separate analysis of T adequately powered separate analysis of T vsvs C differences in each C differences in each 
stratum. stratum. 

nn Evaluating a predictive biomarker does Evaluating a predictive biomarker does notnot involve comparison involve comparison 
of outcome of marker + of outcome of marker + vsvs marker marker –– patientpatient
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Prospective CoProspective Co--Development of Development of 
Drugs and Companion DiagnosticsDrugs and Companion Diagnostics

1.1. Develop a completely specified genomic classifier of Develop a completely specified genomic classifier of 
the patients likely to benefit from a new drugthe patients likely to benefit from a new drug

•• Single gene/proteinSingle gene/protein
•• Gene expression signatureGene expression signature

•• Screen genes using Screen genes using microarraysmicroarrays
•• Develop classifier for RTDevelop classifier for RT--PCR platformPCR platform

•• PrePre--clinical, phase II data, archived specimens from clinical, phase II data, archived specimens from 
previous phase III studiesprevious phase III studies

2.2. Establish analytical validity of the classifierEstablish analytical validity of the classifier
3.3. Use the completely specified classifier to design and Use the completely specified classifier to design and 

analyze a new clinical trial to evaluate effectiveness analyze a new clinical trial to evaluate effectiveness 
of the new treatment with a preof the new treatment with a pre--defined analysis plan defined analysis plan 
that preserves the overall typethat preserves the overall type--I error of the study.I error of the study.



Guiding PrincipleGuiding Principle

nn The data used to develop the classifier should The data used to develop the classifier should 
be distinct from the data used to test be distinct from the data used to test 
hypotheses about treatment effect in subsets hypotheses about treatment effect in subsets 
determined by the classifierdetermined by the classifier
nn Developmental studies can be exploratoryDevelopmental studies can be exploratory
nn Studies on which treatment effectiveness claims are Studies on which treatment effectiveness claims are 

to be based should be definitive studies that test a to be based should be definitive studies that test a 
treatment hypothesis in a patient population treatment hypothesis in a patient population 
completely precompletely pre--specified by the classifierspecified by the classifier



Developmental StrategyDevelopmental Strategy

Develop Predictor of 
Response to New Rx

Predicted Non-
responsive to New Rx

Predicted 
Responsive
To New Rx

Control
New RX Control

New RX



Developmental Strategy Developmental Strategy 

nn Do not use the test to restrict eligibility, but to structure a Do not use the test to restrict eligibility, but to structure a 
prospective analysis planprospective analysis plan

nn Having a prospective analysis plan is essentialHaving a prospective analysis plan is essential
nn ““StratifyingStratifying”” (balancing) the randomization is useful to ensure (balancing) the randomization is useful to ensure 

that all randomized patients have tissue available but is not a that all randomized patients have tissue available but is not a 
substitute for a prospective analysis plansubstitute for a prospective analysis plan

nn The purpose of the study is to evaluate the new treatment The purpose of the study is to evaluate the new treatment 
overall and for the preoverall and for the pre--defined subsets; not to modify or refine defined subsets; not to modify or refine 
the classifier the classifier 

nn The purpose is not to demonstrate that repeating the classifier The purpose is not to demonstrate that repeating the classifier 
development process on independent data results in the same development process on independent data results in the same 
classifierclassifier



nn R Simon. Using genomics in clinical trial design, R Simon. Using genomics in clinical trial design, 
Clinical Cancer Research 14:5984Clinical Cancer Research 14:5984--93, 200893, 2008

nn R Simon. Designs and adaptive analysis plans for R Simon. Designs and adaptive analysis plans for 
pivotal clinical trials of therapeutics and companion pivotal clinical trials of therapeutics and companion 
diagnostics, Expert Opinion in Medical Diagnostics diagnostics, Expert Opinion in Medical Diagnostics 
2:7212:721--29, 200829, 2008



Validation of EGFR biomarkers for selection of EGFRValidation of EGFR biomarkers for selection of EGFR--
TK inhibitor therapy for previously treated NSCLC TK inhibitor therapy for previously treated NSCLC 

patientspatients

2nd line 
NSCLC 

with 
specimen

FISH
Testing

FISH +
(~ 30%)

FISH -
(~ 70%)

Erlotinib

Pemetrexed

Erlotinib

Pemetrexed

Outcome
1° PFS
2° OS, ORR

nn PFS endpointPFS endpoint
nn 90% power to detect 50% PFS improvement in FISH+90% power to detect 50% PFS improvement in FISH+
nn 90% power to detect 30% PFS improvement in FISH90% power to detect 30% PFS improvement in FISH--

nn Evaluate EGFR IHC and mutations as predictive markersEvaluate EGFR IHC and mutations as predictive markers
nn Evaluate the role of RAS mutation as a negative predictive markeEvaluate the role of RAS mutation as a negative predictive markerr

957 patients
4 years accrual, 1196 patients

1-2 years 
minimum 
additional 
follow-up



Analysis Plan BAnalysis Plan B
(Limited confidence in test)(Limited confidence in test)

nn Compare the new drug to the control overall for all Compare the new drug to the control overall for all 
patients ignoring the classifier.patients ignoring the classifier.
nn If If ppoveralloverall≤≤ 0.03  claim effectiveness for the eligible 0.03  claim effectiveness for the eligible 

population as a wholepopulation as a whole
nn Otherwise perform a single subset analysis evaluating Otherwise perform a single subset analysis evaluating 

the new drug in the classifier + patientsthe new drug in the classifier + patients
nn If If ppsubsetsubset≤≤ 0.02 claim effectiveness for the classifier + 0.02 claim effectiveness for the classifier + 

patients.patients.



Analysis Plan CAnalysis Plan C

nn Test for difference (interaction) between Test for difference (interaction) between 
treatment effect in test positive patients and treatment effect in test positive patients and 
treatment effect in test negative patientstreatment effect in test negative patients

nn If interaction is significant at level If interaction is significant at level ααintint then then 
compare treatments separately for test positive compare treatments separately for test positive 
patients and test negative patientspatients and test negative patients

nn Otherwise, compare treatments overallOtherwise, compare treatments overall



Sample Size Planning for Analysis Sample Size Planning for Analysis 
Plan CPlan C

nn 88 events in test + patients needed to detect 88 events in test + patients needed to detect 
50% reduction in hazard at 5% two50% reduction in hazard at 5% two--sided sided 
significance level with 90% powersignificance level with 90% power

nn If 25% of patients are positive, when there are If 25% of patients are positive, when there are 
88 events in positive patients there will be 88 events in positive patients there will be 
about 264 events in negative patientsabout 264 events in negative patients
nn 264 events provides 90% power for detecting 33% 264 events provides 90% power for detecting 33% 

reduction in hazard at 5% tworeduction in hazard at 5% two--sided significance sided significance 
levellevel









Use of Archived Specimens in Evaluation of Prognostic and Use of Archived Specimens in Evaluation of Prognostic and 
Predictive BiomarkersPredictive Biomarkers

Richard M. Simon, Richard M. Simon, SoonmyungSoonmyung Paik and Daniel F. HayesPaik and Daniel F. Hayes

nn Claims of medical utility for prognostic and predictive biomarkeClaims of medical utility for prognostic and predictive biomarkers based on rs based on 
analysis of archived tissues can be considered to have either a analysis of archived tissues can be considered to have either a high or low high or low 
level of evidence depending on several key factors. level of evidence depending on several key factors. 

nn These factors include the analytical and preThese factors include the analytical and pre--analytical validation of the analytical validation of the 
assay, the nature of the study from which the specimens were arcassay, the nature of the study from which the specimens were archived, the hived, the 
number and condition of the specimens, and the development priornumber and condition of the specimens, and the development prior to to 
assaying tissue of a focused written plan for analysis of a compassaying tissue of a focused written plan for analysis of a completely letely 
specified biomarker classifier. specified biomarker classifier. 

nn Studies using archived tissues, when conducted under ideal condiStudies using archived tissues, when conducted under ideal conditions and tions and 
independently confirmed can provide the highest level of evidencindependently confirmed can provide the highest level of evidence. e. 

nn Traditional analyses of prognostic or predictive factors, using Traditional analyses of prognostic or predictive factors, using non non 
analytically validated assays on a convenience sample of tissuesanalytically validated assays on a convenience sample of tissues and and 
conducted in an exploratory and unfocused manner provide a very conducted in an exploratory and unfocused manner provide a very low level low level 
of evidence for clinical utility. of evidence for clinical utility. 



Use of Archived Specimens in Evaluation of Prognostic and Use of Archived Specimens in Evaluation of Prognostic and 
Predictive BiomarkersPredictive Biomarkers

Richard M. Simon, Richard M. Simon, SoonmyungSoonmyung Paik and Daniel F. HayesPaik and Daniel F. Hayes

nn We propose modified guidelines for the conduct of reliable analyWe propose modified guidelines for the conduct of reliable analyses of ses of 
prognostic and predictive biomarkers using archived specimens. Tprognostic and predictive biomarkers using archived specimens. These hese 
guidelines stipulate that: guidelines stipulate that: 

nn (i) archived tissue adequate for a successful assay must be avai(i) archived tissue adequate for a successful assay must be available on a lable on a 
sufficiently large number of patients from a phase III trial thasufficiently large number of patients from a phase III trial that the t the 
appropriate analyses have adequate statistical power and that thappropriate analyses have adequate statistical power and that the patients e patients 
included in the evaluation are clearly representative of the patincluded in the evaluation are clearly representative of the patients in the ients in the 
trial. trial. 

nn (ii) The test should be analytically and pre(ii) The test should be analytically and pre--analytically validated for use with analytically validated for use with 
archived tissue.archived tissue.

nn (iii) The analysis plan for the biomarker evaluation should be c(iii) The analysis plan for the biomarker evaluation should be completely ompletely 
specified in writing prior to the performance of the biomarker aspecified in writing prior to the performance of the biomarker assays on ssays on 
archived tissue and should be focused on evaluation of a single archived tissue and should be focused on evaluation of a single completely completely 
defined classifier.defined classifier.

nn iv) the results from archived specimens should be validated usiniv) the results from archived specimens should be validated using specimens g specimens 
from a similar, but separate, study. from a similar, but separate, study. 



ProspectiveProspective--Retrospective Evaluation Retrospective Evaluation 
of Prognostic or Predictive Classifierof Prognostic or Predictive Classifier

1.1. Analytically validate a single completely specified classifierAnalytically validate a single completely specified classifier
2.2. Design a prospective clinical trial that Design a prospective clinical trial that definitvelydefinitvely addresses the hypothesis of addresses the hypothesis of 

interest about the medical utility of the completely specified cinterest about the medical utility of the completely specified classifierlassifier
1.1. Write a detailed protocol for the prospective study, including sWrite a detailed protocol for the prospective study, including sample size justification ample size justification 

and detailed statistical analysis plan addressing a single hypotand detailed statistical analysis plan addressing a single hypothesis about the prognostic hesis about the prognostic 
or predictive utility of a single completely specified classifieor predictive utility of a single completely specified classifierr

3.3. Find a previously performed clinical trial that matches as closeFind a previously performed clinical trial that matches as closely as possible the ly as possible the 
prospective protocol developed aboveprospective protocol developed above
1.1. Adequate designAdequate design
2.2. Adequate sample size Adequate sample size 
3.3. Adequate proportion of patients with archived tissue Adequate proportion of patients with archived tissue 
4.4. Not used in any way in developing the classifier or analyticallyNot used in any way in developing the classifier or analytically validating itvalidating it

4.4. Perform the assay on the archived samples and then analyze the dPerform the assay on the archived samples and then analyze the data as defined in ata as defined in 
the prospective analysis planthe prospective analysis plan



Retrospective/observationalRetrospective/observationalProspective Prospective 
/observational/observational

Prospective using archived Prospective using archived 
samplessamples

ProspectiveProspectiveTerminologyTerminology

Result very likely to be play Result very likely to be play 
of chance.  of chance.  

Requires subsequent Requires subsequent 
validationvalidation

Result very likely to be Result very likely to be 
play of chance.  play of chance.  

Requires subsequent Requires subsequent 
validation studiesvalidation studies

Result more likely to be play of Result more likely to be play of 
chance that A, but less likely chance that A, but less likely 

than C.than C.
Requires one or more Requires one or more 

validation studiesvalidation studies

Result unlikely to be Result unlikely to be 
play of chanceplay of chance

Although preferred, Although preferred, 
validation not validation not 

requiredrequired

ValidationValidation

Study not prospectively Study not prospectively 
powered at all.  Retrospective powered at all.  Retrospective 
study design confounded by study design confounded by 
selection of specimens for selection of specimens for 
study.study.
No focused analysis plan for No focused analysis plan for 
marker question developed marker question developed 
prior to doing assaysprior to doing assays

Study not prospectively Study not prospectively 
powered at all.  powered at all.  
Retrospective study Retrospective study 
design confounded by design confounded by 
selection of specimens selection of specimens 
for study.for study.
Focused analysis plan Focused analysis plan 
for marker question for marker question 
developed prior to developed prior to 
doing assaysdoing assays

Study powered to address Study powered to address 
therapeutic question; therapeutic question; 

underpowered to address tumor underpowered to address tumor 
marker question.marker question.

Focused analysis plan for Focused analysis plan for 
marker question developed marker question developed 

prior to doing assaysprior to doing assays

Study powered to Study powered to 
address tumor address tumor 
marker question.marker question.

Statistical Statistical 
Design and Design and 
analysisanalysis

Specimens collected, Specimens collected, 
processed and archived with processed and archived with 

no prospective SOPsno prospective SOPs

Specimens collected, Specimens collected, 
processed, and processed, and 

archived prospectively archived prospectively 
using generic SOPs.  using generic SOPs.  
Assayed after trial Assayed after trial 

completedcompleted

Specimens collected, Specimens collected, 
processed, and archived processed, and archived 

prospectively using generic prospectively using generic 
SOPs. Assayed after trial SOPs. Assayed after trial 

completed completed 

Specimens Specimens 
collected, processed collected, processed 

and assayed for and assayed for 
specific marker in specific marker in 

real timereal time

Specimen Specimen 
collection, collection, 
processing, processing, 
and archivaland archival

No prospective stipulation of No prospective stipulation of 
treatment or treatment or followupfollowup; patient ; patient 
data collected by retrospective data collected by retrospective 

chart reviewchart review

Prospectively enrolled Prospectively enrolled 
in registry, but in registry, but 

treatment and treatment and followupfollowup
standard of carestandard of care

Prospectively enrolled, treated, Prospectively enrolled, treated, 
and followed in clinical trial and followed in clinical trial 
and, especially if a predictive and, especially if a predictive 
utility is considered, a PRCT utility is considered, a PRCT 
addressing the treatment of addressing the treatment of 

interestinterest

Prospectively Prospectively 
enrolled, treated, enrolled, treated, 
and followed in and followed in 

RCTRCT

Patients and Patients and 
patient datapatient data

No prospective aspect to No prospective aspect to 
studystudy

Prospective Prospective 
observational registry, observational registry, 
treatment and treatment and followupfollowup

not dictatednot dictated

Prospective trial not designed Prospective trial not designed 
to address tumor marker, but to address tumor marker, but 
design accommodates tumor design accommodates tumor 

marker utility.marker utility.
Accommodation of predictive Accommodation of predictive 

marker requires PRCTmarker requires PRCT

PRCT designed to PRCT designed to 
address tumor address tumor 

markermarker

Clinical trialClinical trial

DDCCBBAA

FactorFactor



Revised Levels of Evidence for Tumor Marker StudiesRevised Levels of Evidence for Tumor Marker Studies

NANADDIVIV--VV

NoneNone
oror

1 with consistent results1 with consistent results
oror

Inconsistent resultsInconsistent results

CCIIIIII

2 or more with consistent results2 or more with consistent resultsCCIIII

NoneNone
oror

Inconsistent resultsInconsistent results

BBIIII

One or more with consistent resultsOne or more with consistent resultsBBII

None requiredNone requiredAAII

Validation StudiesValidation Studies
AvailableAvailable

Category from Table 1Category from Table 1Level of EvidenceLevel of Evidence



ConclusionsConclusions

nn New technology makes it increasingly feasible to New technology makes it increasingly feasible to 
identify which patients require systemic treatment and identify which patients require systemic treatment and 
which are most likely to benefit from a specified which are most likely to benefit from a specified 
regimenregimen

nn We are rapidly proceeding on the way to predictive We are rapidly proceeding on the way to predictive 
oncology  based on genomic characterization of a oncology  based on genomic characterization of a 
patientpatient’’s tumors tumor

nn Rate limiting steps areRate limiting steps are
nn Identifying key Identifying key oncogeniconcogenic mutationsmutations
nn Access to tissue from patients in key clinical trialsAccess to tissue from patients in key clinical trials
nn PreformingPreforming the appropriate clinical trialsthe appropriate clinical trials



ConclusionsConclusions

nn Targeting treatment can provideTargeting treatment can provide
nn Patient benefitPatient benefit
nn Economic benefit for societyEconomic benefit for society
nn Improved chance of success for new drug developmentImproved chance of success for new drug development

nn Not necessarily simpler or less expensive developmentNot necessarily simpler or less expensive development

nn Achieving the potential of new technology requiresAchieving the potential of new technology requires
nn Paradigm changes in focus and methods of Paradigm changes in focus and methods of ““correlative science.correlative science.””
nn New approaches to transNew approaches to trans--disciplinary training and collaborationdisciplinary training and collaboration
nn Effective collaboration between academic research and industryEffective collaboration between academic research and industry
nn Appropriate standards for regulation of inAppropriate standards for regulation of in--vitro diagnostics vitro diagnostics 
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